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METHOD AND APPARATUS FOR PROVIDING A 
DISTRIBUTED SERVICE IN A NETWORK 

TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to networks, and 
more particularly to a method and apparatus for providing 
a distributed service in a network. 



AUS01:238230.1 



ATTORNEY'S DOCKET 
062891. 0567 



PATENT APPLICATION 



2 

BACKGROUND OF THE INVENTION 

A conventional network traditionally includes a 
variety of hardware devices, such as routers, switches, 
and hubs, where each device provides a heterogeneous 
5 array of services. Router functionality, for example, 

may include various routing protocols, quality of service 
(QoS) services, and discovery services. These services 
are typically provided through an operating system 
executed on the router. In some routers, the operating 

10 system is monolithic and requires that each feature be 

statically linked and distributed as a new release of the 
operating system software. Minor changes made to the 
operating system in response to user demands can require 
redesign and rewriting of the entire program. Therefore, 

15 in order to add a new service and distribute it 

throughout the network, the operating system for each 
router must be recompiled to include the new service. 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, the 
disadvantages and problems associated with providing a 
distributed service in a network have been substantially 
5 reduced or eliminated. In a particular embodiment, a 
method for providing a distributed service in a network 
is disclosed that determines to move the distributed 
service based on lease constraints associated with a 
request to use the distributed service. 

10 In accordance with one embodiment of the present 

invention, a method for providing a distributed service 
in a network includes executing a distributed service on 
a first virtual machine at a first router located on a 
first network. The first virtual machine receives a 

15 request to use the distributed service that includes 

lease constraints and determines to move the distributed 
service to a second virtual machine at a second router 
based on the lease constraints. 

In accordance with another embodiment of the present 

20 invention, a method for providing a distributed service 
in a network includes executing a distributed service on 
a first virtual machine at a first router located on a 
first network. The first virtual machine receives a 
request to use the distributed service that includes 

25 lease constraints. The lease constraints contain a 

required portion of the distributed service requested for 
use. The method measures an available portion of the 
distributed service on the first virtual machine and 
moves the distributed service to a second virtual machine 

30 on a second router if the required portion is greater 
than the available portion. 

In accordance with a further embodiment of the 
present invention, a router includes a processor and a 
first virtual machine interfaced with the processor. The 
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first virtual machine executes a distributed service, 
receives lease constraints associated with a request to 
use the distributed service and determines if the 
distributed service should be moved to a second virtual 
5 machine on a remote router based on the lease 
constraints . 

Important technical advantages of certain 
embodiments of the present invention include a 
distributed service that may be moved and redistributed 

10 by a router in order to optimize traffic flow over a 
network. The router includes a virtual machine for 
hosting the service. The virtual machine monitors 
requirements for executing the service on the router and 
the traffic flow on the network to determine whether the 

15 service should be moved to another virtual machine. If 

the virtual machine determines that the service should be 
moved, the virtual machine locates an available router on 
the local network or a foreign network and relocates the 
service to the available router. 

20 Another technical advantage of certain embodiments 

of the present invention includes a virtual machine that 
may evaluate the requirements to execute a distributed 
service and exploit available routers in a network based 
on the requirements. When a user requests to use the 

25 distributed service, a service broker generates lease 
constraints associated with the request to use. The 
lease constraints may include the amount of processing 
resources required and the portion of the distributed 
service desired. If the virtual machine hosting the 

30 distributed service cannot provide the distributed 
service based on the lease constraints, the virtual 
machine may locate an available router, and move the 
entire distributed service to the available router or 
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move the part of the distributed service requested by the 
user . 

All, some, or none of these technical advantages may 
be present in various embodiments of the present 
invention. Other technical advantages will be readily 
apparent to one skilled in the art from the following 
figures, descriptions, and claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and its advantages, reference is now made to 
the following description, taken in conjunction with the 
5 accompanying drawings, in which: 

FIGURE 1 illustrates a block diagram of a 
communications network including routers that support a 
general purpose computing platform in accordance with the 
teachings of the present invention; 
10 FIGURE 2 illustrates a block diagram of a logical 

model of a router that provides a general purpose 
computing platform on the network; 

FIGURE 3 illustrates a table of services and 
interfaces available on the router; 
15 FIGURE 4 illustrates a data structure for logic 

located at a remote site on the network; 

FIGURE 5 illustrates a flowchart of a method for 
providing the general purpose computing platform at the 
router on the network; 
20 FIGURE 6 Illustrates a block diagram of mobility 

bindings created when a mobile object migrates from a 
home network to a foreign network in accordance with the 
teachings of the present invention; 

FIGURE 7 illustrates a data structure for the mobile 
25 object; 

FIGURE 8 illustrates a data structure for a home 
object agent; 

FIGURE 9 illustrates a data structure for a foreign 
object agent; 

30 FIGURE 10 illustrates a data structure for a 

corresponding object; 

FIGURE 11 illustrates a flowchart of a method for 
registering the mobile object on the foreign network; and 
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FIGURE 12 illustrates a flowchart of a method for 
provide a distributed service in the network . 
accordance with the teaching of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 illustrates a block diagram of a 
communication system, indicated generally at 10, 
including routers 18, 20 and 22 {generally referred to as 
5 routers 18) respectively located on networks 12, 14 and 
16 (generally referred to as networks 12) that support a 
general purpose computing platform. In the illustrated 
embodiment, remote site 24 couples to network 16, and 
database 26, which includes logic 28, couples to remote 

10 site 24. In alternative embodiments, remote site 24 may 
couple to and communicate with any of networks 12. 
Although specific embodiments are described in which 
selected routers 18 provide specific services, routers 18 
generally may provide any and all services. 

15 Networks 12 represent any suitable collection and 

arrangement of communications equipment supporting the 
transport and delivery of packets, cells, or other 
portions of information (generally referred to as 
packets) . For example, networks 12 may be one or a 

20 collection of components associated with the public 
switched telephone network (PSTN) , a local area network 
(LAN) , a wide area network (WAN) , a global computer 
network such as the Internet, or any other communications 
equipment suitable for providing wireless and/or wireline 

25 communications. Through the operation of routers 18, 
networks 12 route various packets of information 
associated with communication sessions along different 
physical paths. 

In the illustrated embodiment, networks 12 include 

30 routers 18, which are linked by any suitable physical 
transmission media and/or communications equipment. 
Routers 18 may represent communications equipment, 
including hardware and/or software, operable to receive, 
route and transmit packets of information. Routers may 
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include one or more interfaces through which the services 
provided by routers 18 may be accessed by other devices 
on networks 12. In one embodiment, routers 18 further 
include an operating system that provides a specific set 
5 of networking services and capabilities. The operating 
system on routers 18 may be monolithic and may support 
various platforms and processors, including, but not 
limited to, POWER_PC, 68K, MIPS, ARM, Super H, PENTIUM 
and ATHLON. 

10 Remote site 24 may be a device at a service provider 

location suitable to provide information for transmission 
over networks 12. Database 2 6 may be any suitable 
storage medium that is accessible by remote site 24. In 
the illustrated embodiment, database 26 includes logic 

15 28. Logic 28 may include a collection of mobile objects 
and their associated dependencies, credentials and 
lifecycle policies, or any other form of software that 
may be executed on a virtual machine hosted by routers 
18. An individual mobile object may be defined by data 

20 that represents specific attributes or properties of the 
mobile object, and a set of functions or methods that can 
be performed on or by the mobile object. Typically, each 
mobile object may receive messages instructing it to 
perform a particular function, or send such messages to 

25 other objects. In practice, mobile objects are 

frequently reusable and may be called by a variety of 
different application programs or services. Mobile 
objects may be written in Java, Small Talk, Pascal, 
CORBA, COM, DCOM, Delphi, Basic, XML, or any other 

30 suitable platform dependent or independent programming 
language . 

In operation, routers 18 receive a provisioning 
message from logic 28 to configure a virtual machine that 
executes a desired service. The provisioning message 
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contains a set of configuration parameters , which include 
an amount of allocated processing resources, a lifecycle 
policy and authorized credentials for the virtual 
machine. Routers 18 receive logic 28 from remote site 
5 24, which includes a manifest of mobile objects required 
to execute the desired service on the virtual machine. 
Routers 18 verify that the virtual machine may execute 
the desire service from logic 28 based on the 
configuration parameters. If the virtual machine may 

10 execute the desired service, routers 18 retrieve the 
lifecycle policy associated with the desired service from 
logic 28 and update the versions of the mobile objects if 
the manifest does not contain the correct versions. 

If the virtual machine at a selected one of routers 

15 18 becomes unavailable to host the desired service from 
logic 28 , one or more of the mobile objects contained in 
the manifest migrate from the virtual machine on a home 
network (e.g., network 16) to a virtual machine located 
at another one of routers 18 on a foreign network (e.g., 

20 network 14) . The mobile objects from logic 28 negotiate 
with a foreign object agent on the foreign network for a 
care-of-address and a care-of-name that identify the 
mobile objects on the foreign network. The foreign 
object agent communicates the care-of-address and the 

25 care-of-name for the mobile objects to a home object 
agent on the home network. The home object agent creates 
a mobility binding for the mobile objects based on the 
care-of-address and the care-of-name and communicates 
packets to the mobile objects when they are located on 

30 the foreign network. 

A corresponding object may request to use a desired 
service provided by logic 28. The corresponding object 
has no knowledge that the mobile objects associated with 
the desired service may migrate from their home network 
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and, therefore, sends a request to use the desired 
service to the home network for the mobile objects. A 
home object agent located on the home network detects the 
request and determines that the request should be sent to 
5 the mobile objects associated with the desired service. 
The home object agent creates a tunnel between the home 
address and the care-of-address for the mobile objects 
and sends the request directly to the mobile objects via 
the tunnel. If the corresponding object is authorized to 

10 use the desired service, the mobile objects communicate 
the desired service to the corresponding object using 
standard routing protocols. 

The mobile objects from logic 28 also monitor the 
number of requests to use the desired service. Each 

15 request to use the service includes lease constraints, 
such as a percentage of the desired service requested by 
the corresponding object and an amount of processing 
resources required to execute the percentage of the 
desired service. If the mobile objects from logic 28 

20 determine that the virtual machine cannot execute the 
desired service based on the lease constraints, the 
mobile objects distribute all or a part of the desired 
service to other routers 18 on networks 12 by 
establishing a virtual machine at an available router 18 

2 5 within networks 12 . The mobile obj ects also monitor the 
traffic flow on networks 12 and further distribute the 
desired service to optimize the path of the service 
through networks 12. 

FIGURE 2 illustrates a block diagram of a logical 

30 model of routers 18 that provide a general purpose 
computing platform on networks 12. In the illustrated 
embodiment, routers 18 include processor 32, memory 34, 
and services 38. Processor 32 may be a microprocessor, a 
microcontroller, a digital signal processor (DSP) or any 
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other digital circuitry configured to execute an 
operating system and any services provided by routers 18. 
Memory 34 may be random access memory (RAM) , electrically 
erasable programmable read-only memory (EEPROM) , a PCMCIA 
5 card, flash memory, or any suitable selection and/or 
array of volatile or non-volatile memory that retains 
data after the power to routers 18 is turned off. 

Services 38 provided by routers 18 may include 
command line interface (CLI) 38a, topology 38b, 

10 encapsulation 38c, addressing 38d, virtual machine 38e or 
any other suitable service that may be configured on and 
provided by routers 18. CLI 38a is the primary user 
interface for routers 18. CLI 38a provides network 
management and provisioning commands that allow an 

15 authorized user, such as a network administrator, to 
configure routers 18, display information such as routing 
tables, display routing protocol-specific information, 
and check network connectivity. Topology 38b builds a 
network topology based on addresses associated with 

20 individual interfaces on routers 18. Encapsulation 38c 
allows routers 18 to alter the routing for packets 
transmitted over networks 12 by delivering the packets to 
an intermediate destination that could otherwise not be 
selected based on the destination address. Addressing 

25 38d includes the ability to provide addresses for hosts 
on networks 12. Routers 18 may also provide routing 
services through the implementation of various routing 
protocols including, but not limited to, RIP, TRIP, DRP, 
IGRP, EIGRP, SMRP, ES-IS, IS-IS, GGP, EGP, OSPF, and BGP, 

30 quality of service (QoS) services through protocols 
including, but not limited to, RSVP, MPLS, CAR, DCAR, 
GTS, FRTS, LFI, RTP, CRTP, MLP, PQ, RSVP+, WFQ, EWFQ, 
WRED, DWRED, and COS, discovery services such as ARP, 
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RARP, I CMP, BOOTP, DHCP and CDP, and group services such 
as IGMP, MBONE, MOSPF, PIM, and DVMRP . 

Virtual machine 38e may be software or other code 
that provides remote access to functionality implemented 
5 or enabled by the operating system on routers 18. In 
operation, virtual machine 38e allows a desired service 
from logic 28 at remote site 24 to be dynamically added 
to routers 18. For example, remote site 24 may request 
access to router 22a on network 16 in order to add a 

10 desired service provided by a mobile object from logic 
28. The request for access includes a message to 
configure virtual machine 38e on router 22a, If remote 
site 24 is authorized to access router 22a, router 22a 
configures virtual machine 38e with a set of 

15 configuration parameters. 

In operation, virtual machine 38e hosts the mobile 
object from logic 28 and acts as an interface between the 
mobile object and processor 32, which executes the 
operating system on router 22a. Virtual machine 38e also 

20 distinguishes between packets that contain data to be 
routed across networks 12 and packets that contain 
information associated with a desired service from logic 
28. Virtual machine 38e receives the packets in a 
message format that may be broken up and applied by 

25 virtual machine 38e. 

FIGURE 3 illustrates a table of services and 
interfaces that are available on routers 18 on networks 
12. In operation, virtual machine 38e may be configured 
as either a virtual interface or a virtual service by 

30 using CLI 38a. A virtual interface may be configured on 
one interface at routers 18 , while a virtual service may 
be configured on some or all interfaces at routers 18. 
An address is assigned to each interface at routers 18. 
When virtual machine 38e is configured as a virtual 
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interface, a desired service provided by a mobile object 
from logic 28 may be associated with and accessible from 
the one or more addresses assigned to the specific 
interface on routers 18. In contrast, if virtual machine 
5 38e is configured as a virtual service, the desired 
service may be associated with and accessible from all 
addresses assigned to any number of the interfaces on 
routers 18. Therefore, a virtual service provides access 
to the desired service on virtual machine 38e even if one 

10 interface becomes inaccessible. Routers 18 may further 
be configured with any combination of virtual interfaces 
and/or virtual services. 

As shown in FIGURE 3, services provided by routers 
18 may include, but are not limited to, Dynamic Host 

15 Control Protocol (DHCP), Hypertext Transfer Protocol 
(HTTP) , Network Time Protocol (NTP) , virtual services 
executed by virtual machine 38e and any other suitable 
service or protocol that may be implemented by routers 18 
to communicate information on networks 12. Interfaces 

20 provided by routers 18 may include, but are not limited 
to, physical interfaces such as Ethernet, Wide Area 
Interface Cards (WIC) , Voice Interface Cards (VIC) , 
Asynchronous Transfer Mode (ATM) , and virtual interfaces 
executed by virtual machine 38e that run on top of the 

25 physical interfaces. In one embodiment, the virtual 
interfaces may include NULL, loopback, virtual templates, 
ASYNC, multilink and tunnels. 

In one embodiment, routers 18 may include multiple 
virtual machines 38e. Each virtual machine 38e may be 

30 configured as a virtual interface or a virtual service. 
If the multiple virtual machines 38e are configured as 
virtual interfaces, each virtual machine 38e may have a 
unique address. If the multiple virtual machines 38e are 
configured as a combination of virtual interfaces and 
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virtual services, the virtual interfaces may be 
accessible from the unique address while the virtual 
services may be accessible from all addresses associated 
with routers 18. 
5 In another embodiment, virtual machine 38e may run 

concurrently and transparently on one or more of routers 
18, thus allowing parts of a function or service to 
execute on different areas of one network and/or multiple 
networks. In an alternative embodiment, multiple 

10 services may be executing on sub-virtual machines within 
virtual machine 38e. Each of the sub-virtual machines 
may be associated with a sub-interface that is accessible 
through an interface and/or interfaces associated with 
virtual machine 38e. 

15 FIGURE 4 illustrates a data structure for a desired 

service from logic 28 at remote site 24. As described 
above, logic 28 includes a collection of desired services 
and their associated mobile objects that may be added to 
networks 12 at routers 18. For each desired service, 

20 logic 28 may include a manifest, credentials, and a 
lifecycle policy. Each time a desired service is added 
to networks 12, virtual machine 38e at routers 18 
receives an address for logic 28 at remote site 24 and 
loads the data structure associated with the desired 

25 service into memory 34. Each part of the data structure 
may be used to configure and initiate the desired service 
on virtual machine 38e. 

The manifest for each desired service may include a 
list of the mobile objects required by virtual machine 

30 38e to execute the desired service and a list of 
processing resource dependencies for the required mobile 
objects. During initialization of virtual machine 38e, 
the list of required mobile objects is loaded into memory 
34 and the list of dependencies is read by virtual 
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machine 38e to determine the amount of processing 
resources required to execute the desired service at 
routers 18. If sufficient processing resources were 
allocated during configuration of virtual machine 38e, 
routers 18 obtain the required mobile objects listed in 
the manifest from logic 28 at remote site 24 and use the 
required mobile objects to execute the desired service. 
If the required mobile objects cannot be executed on 
routers 18 due to insufficient processing resources, 
routers 18 attempt to further distribute the desired 
service by moving all or parts of the service to other 
routers 18 located on networks 12. If routers 18 cannot 
find suitable resources to execute the desired service as 
defined by the manifest, routers 18 post an error message 
that may be logged for operator intervention through CLI 
38a. 

The credentials for each desired service provide a 
key to access processing resources (e.g., processor 32 
and memory 34) on routers 18. During configuration of 
virtual machine 38e, credentials for service providers 
that may add functionality to routers 18 are loaded into 
memory 34. During initialization of the desired service, 
the service credentials are compared with the authorized 
credentials loaded into routers 18 during configuration 
of virtual machine 38e. If the service credentials match 
one of the authorized credentials, the desired service 
may be added to routers 18 on virtual machine 38e. 

Virtual machine 38e retrieves a lifecycle policy for 
the desired service from logic 28 at remote site 24. The 
lifecycle policy for each desired service may include 
usage criteria, object version information and extension 
authorization. The usage criteria specifies how the 
desired service may be used. For example, usage of the 
desired service may be transaction based, such that the 
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desired service may be used one time, a given number of 
times, or so long as the desired service resides on 
routers 18. In an alternative embodiment, usage of the 
desired service may be time based and the desired service 
5 may be used for minutes, days, years, or any other 
suitable measure of time. 

The object version information specifies how often 
virtual machine 38e should check logic 28 at remote 
location 24 for updated versions of the required mobile 

10 objects associated with the desired service. When 
virtual machine 38e locates a new version of one or more 
of the required mobile objects, virtual machine 38e loads 
the new version into memory 34 . 

The extension authorization specifies if the desired 

15 service may be used or revised by other services residing 
on networks 12. For example, a service executing on 
virtual machine 38e at router 22a on network 16 may 
depend on another service executing virtual machine 38e 
at router 18a on network 12. If the service at router 

20 18a is not extensible, the service at router 22a may not 
perform its function by using the service at router 18a. 

FIGURE 5 is a flow chart for providing a general 
purpose computing platform on router 18 within networks 
12. Generally, upon loading a virtual machine 

25 configuration record or by receiving a command by the 
router operator through CLI 38a, router 18 configures 
virtual machine 38e by creating a set of default 
parameters that may include a list of authorized 
credentials, a baseline lifecycle policy and an amount of 

30 processing resources allocated to execute one or more 
desired service . Alternatively, router 18 may include a 
virtual service machine (e.g., a home object agent or a 
foreign object agent) that allows a provisioning message 
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to be sent to router 18 in order to invoke a virtual 
service . 

Once virtual machine 38e is configured with the 
default parameters, virtual machine 38e determines an 
5 address for remote site 24 and retrieves a manifest 
associated with the desired service from logic 28 by 
using the remote site address. If the processing 
resources allocated during configuration are sufficient 
to execute the desired service, virtual machine 38e 

10 obtains credentials for the desired service from logic 28 
at remote site 24 using the remote site address. If the 
logic credentials match the authorized credentials 
created during configuration, virtual machine 38e obtains 
the lifecycle policy for the desired service from logic 

15 28 at remote site 24. Virtual machine 38e then updates 
versions of the mobile objects required to execute the 
desired service if the manifest does not contain the 
correct version and initializes the desired service on 
router 18 by using the correct versions of the required 

20 mobile objects. 

As shown at step 60, default configuration 
parameters for router 18 is loaded into memory 34. The 
default parameters may include baseline credentials for 
third parties authorized to add functionality to router 

25 18, a baseline lifecycle policy for any virtual machine 
38e established on router 18, and an operating system 
that includes basic functions and services needed to 
route packets of information through networks 12. If 
router 18 receives a virtual machine provisioning message 

30 for a desired service at step 62, router 18 determines if 
the message contains a request to configure a virtual 
interface or a virtual service at step 64. In one 
embodiment, the message may be a simple network 
management protocol (SNMP) request. If the message 
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contains a request to configure a virtual interface, an 
address is assigned to an available interface on router 
18 at step 66. The address may be an IP address, 
Ethernet address, DECNET address, APPLE TALK address, or 
any other suitable address that identifies the location 
of the virtual interface on networks 12. 

If the message contains a request to configure a 
virtual service or a virtual interface, router 18 
configures virtual machine 38e by using a set 
configuration parameters provided by the provisioning 
message. At step 68, router 18 obtains a of set of 
authorized credentials from the provisioning message. 
The authorized credentials may be the same as the 
baseline credentials created during the configuration of 
router 18 or may further restrict access to processor 32 
on router 18 to a smaller group of third party providers. 

At step 70, router 18 continues to configure virtual 
machine 38e by using a lifecycle policy provided by the 
provisioning message. While the authorized credentials 
for virtual machine 38e may only be further restricted 
during configuration, the lifecycle policy may be either 
restricted or enhanced. In one embodiment, the frequency 
at which virtual machine 38e checks logic 28 at remote 
site 24 for updates of the required mobile objects 
associated with a desired service may be decreased, and 
authorization to extend the desired service may be 
provided . 

At step 72, the provisioning message provides router 
18 with the amount of processing resources that should be 
allocated for use by virtual machine 38e. The amount of 
processing resources allocated by the provisioning 
message may override the amount of processing resources 
allocated during configuration of virtual machine 38e. 
The processing resources may include the computing power 
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available from processor 32 and the storage space 
available in memory 34. 

Once virtual machine 38e has been configured, 
virtual machine 38e determines an address for logic 28 at 
remote site 24 at step 74. Virtual machine 38e then 
obtains a manifest for the desired service from logic 28 
at remote site 24 using the logic address at step 76. 
The manifest may include a list of mobile objects 
required by virtual machine 38e to execute the desired 
service and a list of processing resource dependencies 
for the required mobile objects. In one embodiment, 
virtual machine 38e obtains the list of required mobile 
objects for the desired service and the dependencies on 
processing resources for those objects. In another 
embodiment, virtual machine 38e only retrieves the list 
of required mobile objects for the desired service. 

At step 78, virtual machine 38e uses the manifest to 
determine if the processing resources allocated during 
configuration may execute the desired service. If the 
required mobile objects cannot be executed by virtual 
machine 38e due to insufficient processing resources, 
router 18 indicates that virtual machine 38e is 
unavailable to execute the desired service at step 92. 
Routers 18 notify remote site 24 of the failure at step 
94 and return to step 62 to wait for another virtual 
machine provisioning message. 

If the allocated processing resources at router 18 
is sufficient to execute the desired service, virtual 
machine 38e uses the logic address to obtain credentials 
for the desired service from logic 28 at remote site 24 
at step 80. Virtual machine 38e compares the service 
credentials with the authorized credentials created 
during configuration to determine if the service provider 
at remote site 24 is authorized to add the desired 
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service to router 18 at step 82. If the service 

credentials do not match any of the authorized 
credentials, router 18 indicates that virtual machine 38e 
is unavailable to execute the desired service at step 92. 
Routers 18 notify remote site 24 of the failure at step 
94 and return to step 62 to wait for another virtual 
machine provisioning message. 

If the service credentials match one of the 
authorized credentials, virtual machine 38e obtains the 
lifecycle policy for the desired service from logic 28 at 
remote site 24 by using the logic address at step 84. 
The lifecycle policy includes the correct version of the 
required mobile objects needed to execute the desired 
service on virtual machine 38e. At step 86, virtual 
machine 38e compares the correct version of the required 
mobile objects with the required mobile objects listed in 
the manifest associated with the desired service. 

If the correct version is newer than the version 
listed in the manifest, virtual machine 38e retrieves the 
correct version from logic 28 at remote site 24 and loads 
the mobile objects into memory 34 at step 88. In one 
embodiment, memory 34 in router 18 stores the current 
version of the required objects so that virtual machine 
38e does not have to retrieve them from remote site 24 
each time the desired service is configured on virtual 
machine 38e. Virtual machine 38e initializes the desired 
service using the required mobile objects on router 18 at 
step 90. If the correct version matches the version 
listed in the manifest, virtual machine 38e loads the 
required mobile objects from the manifest into memory 34 
to initialize the desired service on router 18 at step 
90. 

FIGURE 6 illustrates a block diagram of mobility 
bindings created when mobile objects 104 and 106 migrate 
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from a home network to a foreign network. Home object 
agent 100 may be located on virtual machine 38e at any of 
routers 18 on networks 12. In operation, home object 
agent 100 maintains location information for mobile 
objects 104 and 106 (generally referred to as mobile 
objects 104) and tunnels packets to mobile objects 104 
when they migrate to the foreign network. Mobile objects 
104 may be object code or any other form of object- 
oriented software available from logic 28 at remote site 
24. Mobile objects 104 may be executed by virtual 
machine 38e on any of routers 18 to provide a desired 
service on networks 12. 

Foreign object agent 102 may be located on virtual 
machine 38e at any of routers 18 on networks 12. In 
operation, foreign object agent 102 provides an address 
and a name for mobile objects 104 while mobile objects 
104 are located on the foreign network and facilitates 
communication with home object agent 100. Corresponding 
object 116 may be located on virtual machine 38e at any 
of routers 18 on networks 12 and/or remote site 24. In 
operation, corresponding object 116 communicates with 
mobile objects 104 to request use of a desired service. 
In one embodiment, mobile object 104 may extend a desired 
service provided by mobile object 106 such that mobile 
object 104 provides the functionality of corresponding 
object 116. 

Each one of networks 12 may include home object 
agent 100 that maintains location information for each of 
mobile objects 104 associated with the desired services 
from logic 28 executing on routers 18 within networks 12 
and at least one foreign object agent 102 that provides a 
care-of-name and care-of -address for each of mobile 
objects 104 that have migrated from their home networks. 
Although specific embodiments are described in which only 
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mobile objects 104 migrate to a foreign network, home 
object agent 100, foreign object agent 102 and 
corresponding object 116 also may have the ability to 
dynamically migrate to routers 18 on networks 12. 
5 In the illustrated embodiment, network 16 is the 

home network for mobile objects 104 and network 12 is the 
foreign network available to receive migrating mobile 
objects 104. Router 22a includes virtual machine 38e to 
execute a first part of a desired service provided by 

10 mobile object 104 and router 22c includes virtual machine 
38e to execute a second part of the desired service 
provided by mobile object 10 6. Home object agent 100 is 
located on virtual machine 38e at router 22b on network 
16 and foreign object agent 102 is located on virtual 

15 machine 38e at router 18a on network 12. 

When virtual machine 38e initiates the desired 
service on routers 22a and 22c, mobile objects 104 obtain 
home addresses through a dynamic name service (DNS) 
server 23 on network 16, through assignment by a network 

20 administrator, or through any other suitable technique 
for providing the desired service with a unique and 
identifiable location on network 16. Each of the home 
addresses may be an Internet Protocol (IP) address, an 
Ethernet address, a DECNET address, an APPLE TALK 

25 address, or any other suitable address that may be 
assigned to the desired service on network 16. Mobile 
objects 104 register their respective addresses with home 
object agent 100 and directly receive all communications 
intended for the desired service while mobile objects 104 

30 are located at their respective home addresses on network 
16. 

In operation, mobile objects 104 determine if all or 
a part of the desired service should be moved to network 
12. For example, mobile object 104 may decide to migrate 
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based on the amount of processing resources allocated for 
virtual machine 38e at router 22a, the lease constraints 
associated with a request to use the desired service by 
corresponding object 116 executing on a remote router 
5 (e.g., router 20a on network 14), the location of 
corresponding object 116 on networks 12 with respect to 
the desired service, the traffic flow on network 16, or 
any other criteria that may be obtained by mobile object 
104 from network 16. 

10 In one embodiment, mobile object 104 migrates to 

router 18b on network 12. The first part of the desired 
service associated with mobile object 104 may be 
configured and initialized on virtual machine 38e at 
router 18a by using the process described in reference to 

15 FIGURE 5. Once virtual machine 38e on router 18a begins 
executing the first part of the desired service, mobile 
object 104 discovers foreign object agent 102 on network 
12. In the illustrated embodiment, foreign object agent 
102 is located at router 18a. In an alternative 

20 embodiment, both mobile object 104 and foreign object 
agent 102 are located on two separate virtual machines 
38e at router 18b. 

If mobile object 104 is authorized to register with 
foreign object agent 102, foreign object agent 102 

25 assigns a care-of -address and a care-of-name to mobile 
object 104, which uniquely identifies mobile object 104 
while it is located on network 12. Foreign object agent 
104 communicates the care-of -address and the care-of-name 
for mobile object 104 to home object agent 100. If 

30 foreign object agent 102 is authorized to communicate 
with home object agent 100 and home object agent 100 
authenticates the identity for mobile object 104, home 
object agent 100 creates a mobility binding for mobile 
object 104 on network 12. Home object agent 100 uses the 
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established binding to direct all communications intended 
for the first part of the desired service associated with 
mobile object 104 at router 18a on network 12. 

In operation, corresponding object 116 located on 
5 virtual machine 38e at router 20a on network 14 may 
request to use the desired service from routers 22a and 
22c on network 16 by using the home addresses associated 
with each part of the desired service. Home object agent 
100 at router 22b may detect the request and may 

10 determine that the desired service is not located at 
router 22a on network 16, Home object agent 100 may use 
the desired service name provided by corresponding object 
116 to locate the care-of-name and care-of-address for 
mobile object 104. Home object agent 100 establishes a 

15 tunnel from home object agent 100 to foreign object agent 
102 on network 12 by using the care-of -address associated 
with the desired service as an endpoint for the tunnel. 
The request to use the desired service may be 
communicated through the tunnel from home object agent 

20 100 to foreign object agent 102 without the use of 
standard routing mechanisms. Foreign agent 102 may then 
forward the request to mobile object 104 at router 18a. 

In one embodiment, home object agent 100 creates 
multiple simultaneous bindings for mobile object 104. 

25 For example, mobile object 104 may create duplicate 

mobile object 108 at router 18a on network 12. Duplicate 
mobile object 108 is a copy of mobile object 104 and also 
provides the first part of the desired service. Foreign 
object agent 102 issues a second care-of-address and a 

30 second care-of-name for duplicate mobile object 108 and 
home object agent 100 creates a duplicate mobility 
binding for mobile object 108 by using the second care- 
of-address and the second care-of-name. Home object 
agent 100 simultaneously communicates packets intended 
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for mobile object 104 to the care-of -address and care-of- 
name associated with mobile object 104 and the second 
care-of-address and second care-of-name associated with 
duplicate mobile object 108. 
5 Mobile object 104 may clone itself a second time to 

create duplicate mobile object 110. A third binding is 
established at home object agent 100 using a third care- 
of-address and a third care-of-name assigned by foreign 
object agent 102. Home object agent 100 communicates 

10 packets to mobile object 104 and duplicate mobile objects 
108 and 110. A binding may be removed from home object 
agent 100 when at least one of mobile object 104 and 
duplicate mobile objects 108 and 110 removes the desired 
service from routers 18. For example, a consumer of the 

15 first part of the desired service executed by duplicate 
mobile object 108 may complete using the first part of 
the desired service or the lifecycle of mobile object 108 
may expire. Duplicate mobile object 108 may detect that 
it is inactive, release the processing resources used to 

20 execute the desired service and notify home object agent 
100 that the desired service is no longer being executed 
by duplicate mobile object 108. Home object agent 100 
deletes the binding associated with duplicate mobile 
object 108 and sends packets to mobile object 104 and 

25 duplicate mobile object 110 until home object agent 100 
receives notification that the desired service has been 
removed by mobile object 104 and/or duplicate mobile 
object 110. 

In further embodiments, mobile object 104 separates 
30 the first and/or second parts of the desired service into 
sub-parts and distributes the sub-parts within networks 
12. For example, mobile object 104 may determine that 
the first part of the desired service should be divided 
into secondary mobile objects 112 and 114 (generally 
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referred to as secondary mobile objects 112) . Since home 
object agent 100 only maintains location information for 
mobile objects 104, home object agent 100 has no 
knowledge of the division. Thus, mobile object 104 acts 
5 as a home object agent for secondary mobile objects 112. 
If one or both of secondary mobile objects 112 migrate to 
a foreign network, mobile object 104 creates a binding 
for secondary mobile objects 112 on the foreign network 
using a care-of-address and a care-of name. Therefore, 

10 any packets intended for secondary mobile objects 112 are 
received by home object agent 100 and communicated from 
home object agent 100 to secondary mobile objects 112 via 
mobile object 104. 

FIGURE 7 illustrates a data structure for mobile 

15 object 104 at routers 18 on networks 12. When mobile 

object 104 migrates to a foreign network, mobile object 
104 obtains care-of-address 120 and care-of-name 122 from 
foreign object agent 102. Care-of-address 120 may be an 
IP address associated with foreign object agent 102, a 

20 local IP address acquired by mobile object 104 through 
DHCP, an IP address owned by mobile object 104 when 
visiting the foreign network, an Ethernet address, a 
DECNET address, an APPLE TALK address, or any other 
suitable address that uniquely identifies the location of 

25 mobile object 104, and thus, the desired service, on the 
foreign network. 

Care-of-name 122 may be an extensible, orthogonal 
naming structure for mobile objects 104 and their 
associated desired services on networks 12, In one 

30 embodiment, care-of-name 122 includes one or more sub- 
names. Each sub-name may include at least one part that 
is a fixed orthogonal name and zero or more sub-parts to 
form an ontology that is bounded by the fixed orthogonal 
name. The object name for mobile object 104 may be the 
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fixed orthogonal name. A service provider at remote site 
24 may create the object name for mobile object 104. 
When mobile object 104 migrates to the foreign network, 
foreign object agent 102 may create care-of-name 122 that 
5 includes the object name for mobile object 104 and an 

extension name that uniquely identifies mobile object 104 
while it is located on the foreign network. 

In operation, mobile object 104 locates foreign 
object agent 102 through an agent advertisement message 

10 broadcast by foreign object agent 102, an agent 

solicitation message broadcast by mobile object 104 or 
any other suitable service discovery method. Once mobile 
object 104 locates foreign object agent 102, mobile 
object 104 receives foreign object agent (FOA) address 

15 124 from foreign object agent 102. Mobile object 104 

uses FOA address 124 to send foreign object agent 102 FOA 
credentials 126. FOA credentials 126 may be assigned to 
mobile object 104 and may be presented to each foreign 
object agent 102 in order to determine if mobile object 

20 104 may register with the selected foreign object agent 
102. 

If foreign object agent 102 does not accept FOA 
credentials 126 (e.g., mobile object 104 does not have 
authorization to register with foreign object agent 102), 

25 foreign object agent 102 notifies mobile object 104 of 
the failure and mobile object 104 attempts to located 
another foreign object agent on the foreign network or 
moves to another network. If FOA credentials 126 match 
one of a list of credentials maintained by foreign object 

30 agent 102, mobile object 104 may register with foreign 
object agent 102 on the foreign network and may obtain 
care-of -address 120 and care-of-name 122. 

Once mobile object 104 registers with foreign object 
agent 102, a trust relationship is created between mobile 
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object 104 and foreign object agent 102. Based on the 
trust relationship, mobile object 104 negotiates with 
foreign object agent 102 for care-of-address 120 and 
care-of -name 122 by sending foreign agent 102 its object 
5 name and home address. 

Once foreign object agent 102 assigns care-of- 
address 120 and care-of-narae 122 to mobile object 104, 
mobile object 104 provides home object agent (HOA) 
address 128 and HOA credentials 130 to foreign object 

10 agent 102. Foreign object agent 102 uses HOA address 128 
to locate home object agent 100 on the home network for 
mobile object 104. If foreign object agent 102 is 
authorized to communicate with home object agent 100, a 
trust relationship is created between foreign object 

15 agent 102 and home object agent 100. 

Based on the trust relationship, foreign object 
agent 102 presents HOA credentials 130 to home object 
agent 100. HOA credentials 126 may be presented to home 
object agent 100 for the purpose of authenticating the 

20 identity of mobile object 104. If home object agent 100 
rejects HOA credentials 130 from mobile object 104 
because mobile object 104 does not have a home address on 
the home network, home object agent 100 notifies foreign 
object agent 102 of the failure to authenticate mobile 

25 object 104. Foreign object agent 102 relays the failure 
to mobile object 104. If HOA credentials 130 match the 
credentials for mobile object 104 stored in home object 
agent 100, home object agent 100 creates a mobility 
binding for mobile object 104 by using care-of-address 

30 120 and care-of-name 122. 

FIGURE 8 illustrates a data structure for home 
object agent 100 at routers 18 on networks 12. In 
operation, home object agent 100 maintains location 
information for mobile objects 104 that have the same 
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home network as home object agent 100. Home object agent 
100 also delivers packets of information to mobile 
objects 104 when mobile objects 104 are located on a 
foreign network. In order to deliver the packets, home 
5 object agent 100 maintains care-of -address list 140 and 
care-of-name list 142. Care-of-address list 140 and 
care-of-name list respectively include care-of-address 
120 and care-of-name 122 for each mobile object 104 
managed by home object agent 100. Home object agent 

10 resolves each care-of-address 120 and care-of-name 122 to 
create a mobility binding for mobile object 104 when it 
is located on the foreign network. 

In one embodiment, the desired service may be 
divided into at least two parts executed by two separate 

15 mobile objects 104 on different virtual machines 38e. If 
a first part of the desired service migrates to a foreign 
network, home object agent 100 may establish a mobility 
binding for mobile object 104 representing the first part 
of the desired service. If the second part of desired 

20 service migrates from the home network, home object agent 
100 creates a separate and unique mobility binding for 
mobile object 106 representing the second part of the 
desired service. 

After migrating to the foreign network, mobile 

25 object 104 may clone itself to create duplicate mobile 

object 108 that is located on a different virtual machine 
38e at routers 18 within the foreign network. Home 
object agent 100 may create a duplicate mobility binding 
for duplicate mobile object 108 and may simultaneously 

30 send mobile object 104 and duplicate mobile object 108 

packets of information. Home object agent 100 may delete 
the mobility bindings for mobile object 104 and duplicate 
mobile object 108 when either mobile object 104 or 
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duplicate mobile object 108 removes itself from virtual 
machine 38e. 

Home object agent 100 further maintains trusted FOA 
credentials list 144, which includes the credentials for 
5 each foreign object agent 102 authorized to communicate 
with home object agent 100. When foreign object agent 
102 initially contacts home object agent 100, foreign 
object agent 102 provides its credentials to home object 
agent 100. Home object agent 100 compares the 

10 credentials with FOA credentials list 144 to determine if 
foreign object agent 102 is authorized to communicate 
with home object agent 100. If foreign object agent 102 
is not authorized, home object agent 100 notifies foreign 
object agent 102 that it is not authorized to communicate 

15 with home object agent. Foreign object agent 102 

notifies mobile object 104 that foreign object agent 102 
is not authorized to communicate with home object agent 
100 and mobile object 104 attempts to locate another 
foreign object agent on the foreign network. 

20 If foreign object agent 102 is authorized, a trust 

relationship is created between mobile object 104 and 
home object agent 100. Home object agent 100 uses care™ 
of-address 120 and care-of-name 122 sent by foreign 
object agent 102 to establish a mobility binding for 

25 mobile object 104 on the foreign network. Mobile object 
104, therefore, uses foreign object agent 102 on the 
foreign network to receive packets of information 
intended for mobile object 104. 

FIGURE 9 illustrates a data structure for foreign 

30 object agent 102 at routers 18 on networks 12. In 

operation, foreign object agent 102 assigns care-of- 
address 120 and care-of-name 122 to each mobile object 
104 that registers with foreign object agent 102. 
Foreign object agent 102 also maintains local address 
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list 150 and local name list 152. Local address list 150 
includes the local network address of virtual machine 38e 
executing each mobile object 104 and local name list 152 
includes the local network name for each mobile object 
104 registered with foreign object agent 102. In one 
embodiment, the local network address may be the address 
associated with a virtual interface at routers 18. In an 
alternative embodiment, the local network address may be 
multiple addresses associated with a virtual service at 
routers 18. 

Foreign object agent 102 further maintains trusted 
mobile object (MO) credentials list 154, which includes 
the credentials for each mobile object 104 authorized to 
register with foreign object agent 102. When mobile 
object 104 initially contacts foreign object agent 102, 
mobile object 104 provides FOA credentials 126 to foreign 
object agent 102. Foreign object agent 102 compares FOA 
credentials 126 with MO credentials list 154 to determine 
if mobile object 104 is authorized to register with 
foreign object agent 102. If mobile object 104 is 
authorized, mobile object 104 may use foreign object 
agent 102 on the foreign network to receive packets of 
information intended for mobile object 104. If mobile 
object 102 is not authorized, mobile object 104 attempts 
to locate another foreign object agent on the foreign 
network . 

FIGURE 10 illustrates a data structure of 
corresponding object 116 at routers 18 on networks 12. 
In operation, corresponding object 116 requests to use 
one or more of the desired services provided by mobile 
objects 104 on networks 12. In order to request the use 
of a desired service, corresponding object 116 maintains 
service name list 160 and service address list 162. 
Service name list 160 may be created by locating a 
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service broker and obtaining the names of the services 
available from the service broker. Service address list 
162 may be created by associating service addresses 
provided by the service broker with the appropriate 
5 service names. When the service broker provides the 
addresses for each desired service, it also provides 
service credentials 164 that may be used by corresponding 
object 116 to access the desired service. 

FIGURE 11 illustrates a flow chart for registering 

10 mobile object 104 from logic 28 with a foreign network. 
Generally, upon receiving FOA address 124, mobile object 
104 negotiates with foreign object agent 102 for care-of- 
address 120 and care-of-name 122 by providing foreign 
object agent 102 with FOA credentials 126. If FOA 

15 credentials 126 match one of the credentials in MO 

credentials list 154, foreign object agent 102 locates 
home object agent 100 using HOA address 128 and sends 
care-of-address 120 and care-of-name 122 to home object 
agent 100. Home object agent 100 creates a mobility 

20 binding for mobile object 104 if credentials provided by 
foreign object agent 102 match one of the credentials in 
FOA credentials list 126 and HOA credentials 130 match 
the credentials for mobile object 104 stored in home 
object agent 100. Once the mobility binding is 

25 established, home object agent 100 communicates packets 
of information to mobile object 104 via foreign object 
agent 102. 

As shown at step 17 0, mobile object 104 executes a 
desired service on virtual machine 38e at routers 18 on 
30 networks 12. Mobile object 104 discovers foreign object 
agent 102 on a foreign network at step 172. In one 
embodiment, mobile object 104 broadcasts an agent 
solicitation message after migrating to the foreign 
network. In another embodiment, foreign object agent 102 
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broadcasts an agent advertisement message over the 
foreign network to advertise its services. Mobile object 
104 receives the message after migrating to the foreign 
network and uses the message to determine its current 
point of attachment to the foreign network. 

Once mobile object 104 has discovered foreign object 
agent 102 on the foreign network, foreign object agent 
102 sends FOA address 124 to mobile object 104 at step 
174. Mobile object 104 uses FOA address 124 to send FOA 
credentials 126 to foreign object agent 102 using FOA 
address 124 in order to obtain authorization to register 
with foreign object agent 102 at step 176. Foreign 
object agent 102 compares FOA credentials with MO 
credentials list 154 at step 178. If FOA credentials 126 
do not match one of the authorized credentials in MO 
credentials list 154, foreign object agent 102 notifies 
mobile object 104 of the failure at step 190 and mobile 
object 104 returns to step 172 to discover another 
foreign object agent on the foreign network. 

If FOA credentials 126 match one of the authorized 
credentials in MO credentials list 154, mobile object 104 
negotiates with foreign object agent 102 for care-of- 
address 120 and care-of-name 122 by sending the name for 
mobile object 104 and HOA address 128 at step 186. 
Foreign object agent 102 also uses care-of -address 120 
and care-of-name 122 to communicate with mobile object 
104 while mobile object 104 is located on the foreign 
network. At step 182, foreign object agent 102 sends its 
credentials to home object agent 100 located on a home 
network. Home object agent 100 compares the credentials 
with FOA credentials list at step 184. If the 
credentials from foreign object agent 102 do not match 
one of the authorized credentials in FOA credentials list 
144, home object agent 100 notifies mobile object 104 of 
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the failure via foreign object agent 102 at step 190 and 
mobile object 104 returns to step 172 to discover another 
foreign object agent on the foreign network. 

If the credentials from foreign object agent 102 
match one of the authorized credentials in FOA 
credentials list 144, foreign object agent 102 uses HOA 
address 128 to deliver an object name for mobile object 
104, HOA credentials 130, care-of-address 120, and care- 
of-name 122 to home object agent 100 at step 186. Home 
object agent 100 authenticates the identity of mobile 
object 104 by using the object name and HOA credentials 
130 at step 188. If home object agent 100 determines 
that mobile object 104 is not a part of the home network, 
home object agent 100 notifies mobile object 104 of the 
failure via foreign object agent 102 at step 190 and 
mobile object 104 returns to step 172 to discover another 
foreign object agent on the foreign network. If home 
object agent 100 authenticates the identity of mobile 
object 104, home object agent 100 creates a mobility 
binding for mobile object 104 by using care-of-address 
120 and care-of-name 122 at step 192. The mobility 
binding enables home object agent 100 to deliver packets 
of information to mobile object 104 when mobile object 
104 is located on the foreign network. 

At step 194, home object agent 100 determines if a 
request for a desired service provided by mobile object 
104 has been received from corresponding object 116. If 
a request has been received, home object agent 100 uses 
care-of-name 122 to locate mobile object 104 associated 
with the desired service and creates a tunnel from HOA 
address to care-of-address 120 at step 196. Home object 
agent 100 uses the tunnel to directly communicate packets 
to mobile object 104 on the foreign network. Mobile 
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object 104 delivers the desired service to corresponding 
object 116 by using standard routing mechanisms. 

FIGURE 12 illustrates a flow chart for providing a 
distributed service as provided by mobile object 104 from 
logic 28 within networks 12. Generally, a service broker 
(e.g., home object agent 100) receives a request to use a 
desired service from corresponding object 116 and locates 
the desired service on networks 12. The service broker 
creates a lease for corresponding object 116 to use the 
desired service based on the percentage of the desired 
service available and the processing resources needed to 
execute the available percentage. If mobile object 104 
providing the desired service cannot execute the desired 
service on virtual machine 38e at a selected one of 
routers 18 based on the lease constraints, mobile object 
104 discovers virtual machine 38e at another one of 
routers 18 and negotiates with virtual machine 38e at the 
new location for processing resources to execute the 
desired service. Mobile object 104 moves all or a part 
of the desired service to virtual machine 38e at the new 
location and provides the service to corresponding object 
116. 

As shown at step 200, corresponding object 116 
locates a service broker on networks 12. Corresponding 
object 116 locates the service broker through a broker 
advertisement message broadcast by the service broker, a 
broker solicitation message broadcast by corresponding 
object 116 or any other suitable service discovery 
method. At step 202, the service broker receives a 
request from corresponding object 116 to use a desired 
service provided by one of mobile objects 104 located on 
networks 12. Upon receiving a request for a desired 
service from corresponding object 116, the service broker 
determines if the desired service is a combination of at 
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least two services available on networks 12, If the 
desired service requires the combination of at least two 
services, the service broker creates a dynamic service 
path representing the combination of services that 
provides an optimized path for the desired service. 
Criteria used to determine the best combination may 
include the amount of processing resources needed to 
perform each of the services, the amount of traffic flow 
on networks 12 or any other parameter used to create an 
optimal path from the starting point to the goal in the 
request . 

In one example, the request may include translation 
of text to RTF. The service broker may provide a text to 
HTML conversion, a text to WORD conversion, a HTML to RTF 
conversion and a WORD to RTF conversion. Based on these 
services, the dynamic path may be text to HTML to RTF or 
text to WORD to RTF depending on the lease constraints 
associated with the desired service. 

The service broker locates the desired service on 
networks 12 at step 204. In one embodiment, the service 
broker may be home object agent 100. Home object agent 
100 locates the desired service by comparing a service 
name provided by corresponding object 116 with a list of 
object names for each of mobile objects 104. If the 
service name matches one of the object names, home object 
agent 100 provides the home address for mobile object 104 
to corresponding object 116. Corresponding object 116 
uses the home address to communicate with mobile object 
104 and, thus, to access the desired service. 

Once the service broker has located the desired 
service, the service broker determines how much of the 
desired service is available for use and how long the 
service may be found at its present location, and 
provides lease constraints to corresponding object 116 at 
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step 206. In one embodiment, the lease constraints may 
be specified in the lifecycle policy of mobile object 
104. The lease constraints may include a percentage of 
the desired service available for use by corresponding 
object 116, an amount of processing resources required to 
execute the corresponding percentage of the desired 
service, or any other suitable constraint that determines 
how the capacity of each service may be shared by at 
least two corresponding objects 116. At step 208, the 
service broker determines if the desired service provided 
by mobile object 104 at router 18 may be used by 
corresponding object 116 based on the lease constraints. 

If the desired service may be used, mobile object 
104 associated with the desired service determines if 
corresponding object 116 has completed using the desired 
service at step 228. If corresponding object 116 has 
finished using the desired service, mobile object 104 
releases the processing resources allocated to execute 
the desired service on the virtual machine for 
corresponding object 116 at step 230. 

If the desired service may not be used by 
corresponding object 116, mobile object 104 discovers a 
new location for the desired service on networks 12 at 
step 210. Once mobile object 104 locates an available 
virtual machine at one of routers 18, mobile object 104 
negotiates for processing resources to execute the 
desired service on the available virtual machine based on 
the lease constraints at step 212. Mobile object 104 
further finds and resolves all dependencies for the 
processing resources to execute the desired service at 
step 214. 

At step 216, mobile object 104 determines whether to 
move all or a part of the desired service to the new 
location. If mobile object moves a part of the desired 
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service, mobile object 104 creates secondary mobile 
object 112 on virtual machine 38e at the new location at 
step 218. Secondary mobile object 112 determines if 
corresponding object 116 has completed using the desired 
service at step 220. If corresponding object 116 has 
finished using the desired service, secondary mobile 
object 112 releases the processing resources allocated to 
execute the desired service on virtual machine 38e for 
corresponding object 116 at step 230. 

If mobile object 104 determines to move all of the 
desired service, mobile object 104 creates duplicate 
mobile object 108 on virtual machine 38e at the new 
location at step 222. Mobile object 104 determines if 
corresponding object 116 has completed using the desired 
service at the original location at step 224. If 
corresponding object 116 has finished using the desired 
service at the original location, mobile object 104 
releases the processing resources allocated to execute 
the desired service on virtual machine 38e for 
corresponding object 116 at step 230. 

If corresponding object 116 has not finished using 
the desired service at the original location, duplicate 
mobile object 108 determines if corresponding object 116 
has completed using the desired service at the new 
location at step 226. If corresponding object 116 has 
finished using the desired service at the new location, 
duplicate mobile object 108 releases the processing 
resources allocated to execute the desired service on 
virtual machine 38e for corresponding object 116 at step 
230. 

Although the present invention has been described 
with several embodiments, a myriad of changes, 
variations, alterations, transformations, and 
modifications may be suggested to one skilled in the art, 
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and it is intended that the present invention encompass 
such changes, variations, alterations, transformations, 
and modifications as fall within the scope of the 
appended claims . 
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